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The Islamic Republic of Pakistan (Pakistan) is the second largest Muslim-majority nation (just
behind Indonesia), and with a population of just under 200 million, it’s the fifth most popu-
lated country globally [1]. Pakistan’s population is divided into four provinces and three terri-
tories (Fig 1). The most populous province is Punjab, which comprises almost one-half of the
nation’s population, followed by Sindh, Khyber Pakhtunkhwa (KPK), and Balochistan. The
country’s three territories include Gilgit Baltistan, the disputed territory of Azad Jammu and
Kashmir, and the Islamabad Capital Territory. About 60% of Pakistanis live in rural areas [2],
and 35% of the population is less than 15 years of age [3]. Before and after its independence in
1947, Pakistan has faced high rates of illiteracy, poverty, malnutrition, and disease, all of which
have been perpetuated by political instability and conflict.
Despite these obstacles, the country has made some important strides in improving public
health.
Pakistan has made innovations in public health delivery, such as a school-based mental-
health program [4] and a community-based perinatal and newborn care program [5], which
have improved population health in Pakistan and the global health community at large. In
terms of vaccines, such delivery mechanisms are perhaps most notably demonstrated by the
remarkable decrease in the number of diagnosed polio cases in recent years, which has
decreased from 306 in 2014 to just 4 in 2018 to date [6]. Moreover, with the assistance of Gavi,
the Vaccine Alliance, Pakistan is expanding vaccine coverage targets for its major childhood
diseases, including diphtheria, pertussis, tetanus, hepatitis B, and other diseases [7]. However,
severe poverty and poverty-related illness remain widespread. According to the Asian Devel-
opment Bank, approximately 30% of the population was living below Pakistan’s poverty level
in 2013 [8], whereas the World Bank estimates that 6.1% (approximately 12 million people) of
the country’s population currently lives on less than US$1.90 per day [1]. Accordingly, the
nation still suffers from high rates of infant and under-five child mortality, as well as poor
maternal health indicators [8, 9]
In this setting, neglected tropical diseases (NTDs) are widespread, especially among Paki-
stan’s large rural population but also in many large urban and peri-urban areas [9]. Indeed, an
analysis of the Global Burden of Disease (GBD) 2013 study found that Pakistan was one of the
top 10 countries in terms of the highest absolute number of NTD cases for 8 of 18 NTDs on
which statistics had been gathered [10]. Shown in Table 1 are the latest estimates for either
prevalence or incidence of Pakistan’s major NTDs (as well as malaria, for comparison) as
determined by the GBD 2016 [11]. Overall, ascariasis and other soil-transmitted helminth
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(STH) infections, as well as dengue and venomous animal contact (snake bite), now represent
the most common NTDs, but typhoid and paratyphoid fevers, leishmaniasis, trachoma, and
leprosy are also prominent.
Parasitic NTDs
According to WHO, approximately 32 million Pakistani children require periodic deworming
for their major STH infections [12], but it is unclear what portion of these children actually
receives regular anthelminthic treatments. Indeed, WHO points out that Pakistan has the high-
est burden of STH infections in its Eastern Mediterranean region [13], and it’s interesting to
note that the share of Pakistan’s population with ascariasis, hookworm, or trichuriasis has not
changed since 1990, according to the GBD. Among the three STH infections, ascariasis stands
out for its high prevalence in selected areas of Pakistan; based on the 2016 GBD data, 13.1% of
the country’s citizens are infected with roundworm. This abundance is consistent with the para-
site’s known ability to better tolerate conditions with hotter temperatures and higher aridity–
found across much of Pakistan—and to thrive in urban and rural environments alike [14, 15].
Fig 1. Map of the provinces and federal territories of Pakistan. Image credit: University of Texas PerryCastañeda Library: http://legacy.lib.utexas.
edu/maps/pakistan.html.
https://doi.org/10.1371/journal.pntd.0006751.g001
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Overall, Pakistan’s burdens of STH infections are not equally distributed across all of the coun-
try’s communities and locales. According to a recent survey from schools nationwide in Paki-
stan, the highest prevalence occurs around northern regions of Punjab [16, 17], with Rawalpindi
and Gujrat representing the areas of highest prevalence (56% and 31%, respectively). STH infec-
tions are also endemic in the northern province of KPK, with highest prevalence around the dis-
trict of Swat (27%), near the borders of Afghanistan [17], with the highest prevalence districts
representing “large populous cities” [17]. Another epidemiological survey that focused on Swat
found that over 70% of the 1,041 stool samples collected were positive for infection with one or
more STH species [18]. Of these, 60% were infected with Ascaris worms, and people working as
shepherds were found to be the most vulnerable population [18]. Much of the southern region
of Pakistan exhibits low levels of infection, with the notable exception of the Karachi area, where
prevalence reaches 20% [17]. In Pakistan, hookworm infections can be found in both urban and
peri-urban settings [19, 20], so as its major cities expand, we can expect urban hookworm infec-
tion to emerge as a major NTD in Pakistan. Following the three intestinal nematode infections,
cystic echinococcosis is perhaps the next most widespread helminthiasis in Pakistan, as it is
across central Asia [21, 22].
Pakistan’s burden of cutaneous leishmaniasis (CL)—which exceeded 400,000 cases in 2016
—accounts for almost 10% of all cases globally. Both Leishmania tropica and L. major CL are
endemic, although L. tropica has emerged as the major pathogen among internally displaced
individuals fleeing military operations against terrorist strongholds in Waziristan [23]. It’s
believed that the numbers of CL cases in Waziristan are increasing dramatically, as they are
elsewhere in other war-affected areas of Afghanistan and the Middle East [23]. Despite the
strong social stigma of disfiguring lesions [24], access to essential medicines and other CL ther-
apies remains limited in Pakistan [25, 26].
Table 1. Pakistan’s major NTDs. Data from GBD 2016 [11].
Disease Prevalencea or incidenceb in 1990 (%
populationc)
Prevalence or incidence in 2016 (%
populationd)
Change between 1990 and 2016 (% change based on
population affected)
Ascariasis 13.74 million (12.8%) 25.33 million (13.1%) +84% (+03%)
Dengue 0.17 million (0.2%) 2.57 million (1.3%) +1,412% (+744%)
Hookworm 1.24 million (1.2%) 2.37 million (1.2%) +91% (+07%)
Trichuriasis 1.04 million (1.0%) 1.98 million (1.0%) +90% (+06%)
Venomous animal
contact
0.96 million (0.9%) 1.95 million (1.0%) +103% (+13%)
Malaria 3.70 million (3.4%) 0.98 million (0.5%) −74% (−85%)
Typhoid 0.68 million (0.6%) 0.57 million (0.3%) −16% (−53%)
Cutaneous
leishmaniasis
0.34 million (0.3%) 0.42 million (0.2%) +24% (−31%)
Paratyphoid 0.27 million (0.3%) 0.29 million (0.2%) +07% (−40%)
Blinding trachoma 0.19 million (0.2%) 0.10 million (0.1%) −47% (−71%)
Cystic echinococcosis 22,401 (<0.1%) 13,724 (<0.1%) −39% (−66%)
Leprosy 5,061 (<0.1%) 4,973 (<0.1%) −02% (−45%)
Rabies 2,549 (<0.1%) 928 (<0.1%) −64% (−80%)
aNonbolded indicates prevalence.
bBolded indicates incidence.
cFrom 107.6 million (https://www.populationpyramid.net/pakistan/1990/).
dFrom 192.8 million (https://www.populationpyramid.net/pakistan/2016/).
Abbreviations: GBD, Global Burden of Disease; NTD, neglected tropical disease.
https://doi.org/10.1371/journal.pntd.0006751.t001
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Viral, bacterial, and other NTDs
Aedes aegypti, the major mosquito vector of dengue, has emerged in Pakistan, especially in the
northern and southern regions where dengue is now widespread [27]. A. albopictus is also
present, and in some areas, both vector species are found and are capable of transmitting den-
gue and potentially other arboviruses [28]. According to the GBD 2016, the incidence of den-
gue has increased more than 1,000% since the 1990s when the first major outbreak occurred in
Karachi [29], such that it is now the second most common NTD behind ascariasis. The largest
dengue outbreaks occurred in Lahore in 2011, which resulted in more than 300 deaths, and
then in Swat in 2013 with more than 50 deaths [29]. Dengue outbreaks and epidemics are
most common following monsoon season, with dengue virus (DENV) 2 and DENV 3 often
predominating in urban areas [29]. Chikungunya has also emerged as an important arbovirus
infection [30]. Rabies remains an important viral NTD in Pakistan. Its persistence is due in
part to failure to administer proper post-exposure measures—this includes using home reme-
dies instead of thoroughly washing wounds—and is compounded by lack of access to vaccines
and rabies immune globulin [31]. Moreover, an obsolete vaccine made from nerve tissue is
still produced in Pakistan, which in some cases has inadequate or zero potency [31].
Among the bacterial NTDs, typhoid and paratyphoid fevers remain endemic in Pakistan,
where they also represent major causes of mortality. With respect to the former, Salmonella
enterica serovar Typhi has emerged as an extensively drug resistant (XDR) bacterial species
during an epidemic in Sindh, Pakistan [32], and there are concerns that this strain could
spread globally [33]. Trachoma also remains endemic, and Pakistan has the highest disease
burden of leprosy in the WHO Eastern Mediterranean region [34]. With regards to the former,
the International Trachoma Initiative (ITI) has partnered with the Pakistan Ministry of Health
to begin mass drug administration with azithromycin [35]. For Hansen’s disease (leprosy), the
ready availability of curative drugs makes it an appealing target for widespread targeted multi-
drug therapy through existing treatment networks in Pakistan. The most expansive of these
are led by Aid to Leprosy Patients (ALP) based in Rawalpindi, and Maria Adelaide Leprosy
Centre (MALC) based in Karachi [34]. Finally, snake envenomation represents an important
noninfectious NTD in Pakistan, associated with significant morbidity and mortality, especially
in rural and mountainous areas [36].
Concluding comments and future directions
The prevalence rates of Pakistan’s most common debilitating NTDs, including STH and other
helminth infections, cutaneous leishmaniasis, trachoma, and leprosy, do not appear to have
undergone significant changes over the last 25 years. Moreover, since 1990, dengue and XDR
typhoid fever have emerged as concerning public health issues. Although there is little overall
work in terms of an economic impact assessment of NTDs in Pakistan, based on existing evi-
dence from other low- and middle-income countries (LMICs), we expect that large sections of
Pakistani children and adults are trapped in poverty due to the impact of these conditions on
productive capacity, child development, and pregnancy outcomes [37]. NTDs may also
account for the high rates of child malnutrition found in Pakistan [38]. There is a notable con-
centration of NTDs, including STH infections, in Pakistan’s urban centers, and it has been pre-
dicted that in the coming decades we can increasingly expect to find NTDs emerging in urban
and peri-urban settings of expanding megacities in developing countries [39].
The Government of Pakistan and its Federal Ministry of Health have had some important
public health successes in terms of polio elimination and reductions in other vaccine-prevent-
able childhood diseases, but there is a need to add NTD reductions to these victories. Regard-
ing STH infections, WHO notes that a mapping survey is being completed in collaboration
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with nongovernmental partners, including the Deworm the World initiative of Evidence
Action [13]. For trachoma, prevalence surveys have been conducted since 2007, which was
expanded to 15 districts in 2015 [40]. In 2017, mass drug administration for trachoma
(together with the Surgery, Antibiotics, Facial cleanliness, Environmental improvement
[SAFE] strategy) was implemented in in several districts in collaboration with ITI [40]. Addi-
tional reports indicate that the Federal Ministry of Health (in collaboration with WHO) has
expanded its vector control activities in response to dengue and other epidemics, but seasonal
floods and other crises have hampered these efforts [41].
In some cases, there is also a need for new biotechnologies, possibly including an improved
rabies vaccine, and new vaccines for Pakistan’s emerging health threats, such as XDR typhoid
fever, dengue, and urbanized hookworm infection. Pakistan has well-developed scientific
infrastructures, which has successfully produced nuclear technologies, but so far this is not
fully translating towards biotechnologies [42]. There are urgent needs to expand both imple-
mentation science and biotechnology in Pakistan so it can better assess, treat, and prevent its
widespread NTDs. Vaccine and science diplomacy represents an important yet mostly
untapped resource for capacity building in the country [43].
References
1. The World Bank. DataBank: Global Development Indicators. Available from: http://databank.worldbank.
org/data/views/reports/reportwidget.aspx?Report_Name=CountryProfile&Id=b450fd57&tbar=y&dd=
y&inf=n&zm=n&country=PAK. [cited 2018 August 7].
2. World Bank. Data. Rural Population. Available from: https://data.worldbank.org/indicator/SP.RUR.
TOTL.ZS?locations=PK. [cited 2018 August 7].
3. World Bank. Data. Population ages 0–14. Available from: https://data.worldbank.org/indicator/SP.POP.
0014.TO.ZS?locations=PK. [cited 2018 August 7].
4. Rahman A, Mubbashar MH, Gater R, Goldberg D. Randomised trial of impact of school mental-health
programme in rural Rawalpindi, Pakistan. Lancet 1998; 352: 1022–25. PMID: 9759745
5. Bhutta ZA, Soofi S, Cousens S, et al. Improvement of perinatal and newborn care in rural Pakistan
through community-based strategies. Lancet 2011; 377: 403–12. https://doi.org/10.1016/S0140-6736
(10)62274-X PMID: 21239052
6. End Polio Pakistan. Polio Cases in Provinces. Available from: http://www.endpolio.com.pk/polioin-
pakistan/polio-cases-in-provinces. [cited 2018 September 30].
7. Gavi, the Vaccine Alliance. Available from: https://www.gavi.org/country/pakistan/. [cited 2018 May 28].
8. Asian Development Bank. Available from: https://www.adb.org/countries/pakistan/poverty. [cited 2018
May 27].
9. World Health Organization. Available from: http://www.who.int/countries/pak/en/. [cited 2018 May 28].
10. Herricks JR, Hotez PJ, Wanga V et al. “The global burden of disease study 2013: What does it mean for
the NTDs?” PLoS Negl Trop Dis 2017; 11(8): e0005424. https://doi.org/10.1371/journal.pntd.0005424
PMID: 28771480
11. IHME. Nations within a nation: variations in epidemiological transition across the states of India, 1990–
2016 in the Global Burden of Disease Study, GBD Results Tool. Available from: http://www.healthdata.
org/results. [cited 2018 May27].
12. World Health Organization. Neglected Diseases. Soil-transmitted Helminths. Available from: http://
www.who.int/neglected_diseases/preventive_chemotherapy/sth/en/. [cited 2018 May 8].
13. World Health Organization. Neglected Tropical Diseases: Fighting NTDs in Pakistan. Available from:
http://www.who.int/neglected_diseases/Pakistan/en/index2.html. [cited 2018 August 8].
14. Brooker S, Clements A, Bundy D. “Global epidemiology, ecology and control of soil-transmitted hel-
minth infections.” Advances in Parasitology. 2006; 62: 221–261. https://doi.org/10.1016/S0065-308X
(05)62007-6 PMID: 16647972
15. Okulewicz A. “The impact of global climate change on the spread of parasitic nematodes.” Annals of
Parasitology. 2017; 63: 15–20. https://doi.org/10.17420/ap6301.79 PMID: 28432859
16. Evidence Action. Pakistan’s First Nationwide STH Survey: Determining the Intensity and Prevalence of
Worm Infections. Available from: https://www.evidenceaction.org/blog-full/first-sth-survey-pakistan.
[cited 2018 May 28].
PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0006751 October 18, 2018 5 / 7
17. World Health Organization, IRD Pakistan, Indus Health Network, Institute of Development and Eco-
nomic Alternatives, Evidence Action (2017) Baseline survey report of soil-transmitted helminths preva-
lence in Pakistan. Available from: https://pndajk.gov.pk/uploadfiles/downloads/Baseline%20STH%
20Survey_Pakistan_Final%20%20%20Survey%20Report.pdf. [cited 2018 May 28].
18. Khan W, Nisa N, and Khan A. “Soil transmitted helminthiasis in different occupational groups in Swat,
Khyber Pakhtunkhwa, Pakistan.” Pak J Pharm Sci. 2017; 30(4): 1345–1350. PMID: 29039336
19. Ensink JH, van der Hoek W, Mukhtar M, Tahir Z, Amerasinghe FP (2005) High risk of hookworm infec-
tion among wastewater farmers in Pakistan. Trans R Soc Trop Med Hyg 99(11): 809–18. https://doi.
org/10.1016/j.trstmh.2005.01.005 PMID: 16099003
20. Majrooh A, Kanwall R, Bashir I (2014) Hookworm infestations in peri-urban slums of Pakistan. Int J
Pharmacy Rev Res 4(2) 104–7.
21. Ahmed H, Ali S, Afzal MS, Khan AA, Raza H, Shah ZH, Simsek S (2017) Why more research needs to
be done on echinococcosis in Pakistan. Infect Dis Poverty 6(1): 90. https://doi.org/10.1186/s40249-
017-0309-z PMID: 28669350
22. Khan A, Naz K, Ahmed H, Simsek S, Afzal MS, Haider W, Ahmad SS, Farrakh S, Weiping W, Yayi G
(2018) Knowledge, attitudes and practices related to cystic echinococcosis endemicity in Pakistan.
Infect Dis Poverty 7(1):4. https://doi.org/10.1186/s40249-017-0383-2 PMID: 29353554
23. Hussain M, Munir S, Khan TA, Khan A, Ayaz S, Jamal MA, Ahmed I, Aziz S, Watany N, Kasbari M
(2018) Epidemiology of cutaneous leishmaniasis outbreak, Waziristan, Pakistan. Emerg Infect Dis 24
(1): 159–61. https://doi.org/10.3201/eid2401.170358 PMID: 29260674
24. Bailey F, Mondragon-Shem K, Hotez P, Ruiz-Postigo JA, Al-Salem W, Acosta-Serrano A´ , et al. (2017)
A new perspective on cutaneous leishmaniasis—Implications for global prevalence and burden of dis-
ease estimates. PLoS Negl Trop Dis 11(8): e0005739 https://doi.org/10.1371/journal.pntd.0005739
PMID: 28796782
25. Ayaz MM, Nazir MM, Ullah N et al. “Cutaneous Leishmaniasis in the Metropolitan City of Multan, Paki-
stan, a Neglected Tropical Disease.” Journal of Medical Entomology. 2018: 1–3. https://doi.org/10.
1093/jme/tjx173
26. Shah SA, Memon AA, Shamim A et al. “Low-cost thermotherapy for cutaneous leishmaniasis in Sindh,
Pakistan.” J Pak Med Assoc. 2014; 64(12): 1398–1404. PMID: 25842586
27. Ducheyne E, Tran Minh NN, Haddad N et al. “Current and future distribution of Aedes aegypti and
Aedes albopictus (Diptera: Culicidae) in WHO Eastern Mediterranean Region.” Int J Health Geogr.
2018; 17(1): 4–17. https://doi.org/10.1186/s12942-018-0125-0 PMID: 29444675
28. Arslan A, Rathor HR, Mukhtar MU, Mushtaq S, Bhatti A, Asif M, Arshad I, Ahmad JF. “Spatial distribu-
tion and insecticide susceptibility status of Aedes aegypti and Aedes albopictus in dengue affected
urban areas of Rawalpindi, Pakistan. J Vector Borne Dis 2016; 53(2): 136–43. PMID: 27353583
29. Khan J, Ghaffar A, Khan SA (2018) The changing epidemiological pattern of Dengue in Swat, Khyber
Pakhtunkhwa. PLoS ONE 13(4): e0195706. https://doi.org/10.1371/journal.pone.0195706 PMID:
29689060
30. Ali I, Dasti JI. Chikungunya virus: an emerging arbovirus in Pakistan. J Pak Med Assoc 2018; 68(2):
252–7. PMID: 29479102
31. Salahuddin N, Gohar MA, Baig-Ansari N (2016) Reducing Cost of Rabies Post Exposure Prophylaxis:
Experience of a Tertiary Care Hospital in Pakistan. PLoS Negl Trop Dis 10(2): e0004448. https://doi.
org/10.1371/journal.pntd.0004448 PMID: 26919606
32. Klemm EJ, Shakoor S, Page AJ et al (2018) “Emergence of an Extensively Drug-Resistant Salmonella
enterica Serovar Typhi Clone Harboring a Promiscuous Plasmid Encoding Resistance to Fluoroquino-
lones and Third- Generation Cephalosporins.” mBio. 2018; 9: e00105–18.
33. Levine MM, Simon R (2018) The gathering storm: is untreatable typhoid fever on the way? MBio 9(2):
e00482–18. https://doi.org/10.1128/mBio.00482-18 PMID: 29559573
34. World Health Organization. Neglected Tropical Diseases: Fighting NTDs in Pakistan. Available from:
http://www.who.int/neglected_diseases/Pakistan/en/index1.html. [cited 2018 August 8].
35. The Task Force for Global Health. Pakistan Takes First Major Step to Eliminate Trachoma. 2017
November 30. Available from: https://www.taskforce.org/newsroom/pakistan-takes-first-major-step-
eliminate-trachoma. [cited 2018 May 28].
36. Ulhaq I (2017) Now or never: public health issues requiring urgent attention. J Ayub Med Coll Abbotta-
bad 29(1): 170–2. PMID: 28712203
37. Hotez PJ (2013) Forgotten People Forgotten Diseases: The Neglected Tropical Diseases and its
Impact on Global Health and Development, ASM Press.
38. Asim M, Nawaz Y (2018) Child malnutrition in Pakistan: Evidence from Literature. Children 5: 60.
PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0006751 October 18, 2018 6 / 7
39. Hotez PJ (2018) Human Parasitology and Parasitic Diseases: Heading Towards 2050. Adv Parasitol.
100:29–38. https://doi.org/10.1016/bs.apar.2018.03.002 PMID: 29753341
40. International Trachoma Initiative, a program of the Task Force for Global Health. Available from: www.
trachoma.org/where-we-work/pakistan. [cited 2018 August 1].
41. World Health Organization, Regional Office for the Eastern Mediterranean. Available from: http://www.
emro.who.int/pak/programmes/dengue-fever.html. [cited 2018 August 1].
42. Hotez PJ (2018) Minutes to midnight: Turning back the Doomsday Clock through neglected disease
vaccine diplomacy. PLoS Negl Trop Dis. 12(9):e0006676. https://doi.org/10.1371/journal.pntd.
0006676 PMID: 30235204
43. Hotez PJ (2015) Vaccine Science Diplomacy: Expanding Capacity to Prevent Emerging and Neglected
Tropical Diseases Arising from Islamic State (IS)–Held Territories. PLoS Negl Trop Dis 9(9):
e0003852. https://doi.org/10.1371/journal.pntd.0003852 PMID: 26402466
PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0006751 October 18, 2018 7 / 7
